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SECTION I
INTRODUCTION AND PRINCIPAL RESULTS

This report presents results of an analysis of the long-period
(LP) noise recorded at the Large-Aperture Seismic Array (LASA) during the
summer of 1967. A similar analysis for winter 1966-67 noise was published

in Large-Array Signal and Noise Analysis Special Report No. 12. . ¢

The LASA long-period system consists of 21 long-period
3-component seismometers located at the center of each subarray at the Mon-
tana LASA. A map of the subarray locations and their coordinates (relative
to AO) are shown in Figure I-1. Amplitude response of the instrument-

amplifier-filter combination used during the data recordiny is shown in Figure

I-2.

L 7 ST T

In general, the summer noise is similar to the quiet winter |

noise.l Salient features of the summer noise are as follows.

e The noise can be divided into two components:
a nonpropagating component below about 0. 05

Hz and a propagating component dominating the
0.05- to 0.17-Hz region.

e [Fundamental-mode Rayieigh-wave energy seems 1
to dominate the propagating component; how-
ever, mantle P-wave energy (0. 13 Hz) has also
been detected in one case.

e Little coherence has been observed between
microberographic and seismic data; however,
this obscrvation is based on the analysis of only
five sampi~s, four of which were recorded
consecutive.y.
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e Propagating noise shows two regions of high co-
herence: one between 0.05 and 0.07 Hz and the
other between 0.1land 0. 14 Hz. Vertical compo-
nents can be predicted accurately from the
horizontal instruments or from other vertical
instruments.

I-1 science services division




SUB-ARRAY AQ

' 9'N
November 1965 106° 13 20" W
LASA
NAME | AZIMUTH | DELTA-KM THETA x Y
Bl 54. 902 i2. 85,2 35.098 | 10.07330| 7.07912
B2 141.477 7.614 308. 523 4.74223 -5, 958680
R3 246.010 8.039 203,990 -7.34456 | -3,26849
B4 347.011 9.063 102. 989 -2.03704 8.83111
(O} 23. 531 18.291 66.46Y 7.30259 10.77000
G2 97. 459 16. 245 362. 541 16. 10754 -2.10883
C3 191. 498 12.981 258, 502 -2.58753]-12.72050
C4 294. 023 12.769 155.977 -11.66298 5 19829
DI 56. 459 30. 497 33. 541 25.4189 | 16, 85062
D2 141.708 26,250 308.292 16.26037 | -20. 60261
D3 232. 166 25.110 217.844 -19. 82894 | 15, 40536
D4 336. 360 30.753 113. 640 -12.33163 28. 17229
El 13.507 54,221 76.493 12. 06406 82.72133
EZ2 106. 254 68. 651 343. 7406 65. 81109  -19. 18699
E3 188. 314 60. 556 261,686 -B.75616 | -89.91960
4 278. 849 53,7006 171.151 -53, 06676 8. 201687
Fl 45. 670 109. 262 44,330 78. 15803 76. 36121
F2 146. 491 103. 543 303,500 | 57.16296 | -Bb. 33393
F3 220. 066 103. 487 229,934 66, 61130 1 <79, 19908
Fd 325.943 97. 244 124,057 | -54. 45840 | %0. 56474

Figure I-1. Subarrays and Coordinates (Relative to AO)
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e Power-density spectra show peaks which vary
between 0.05 and 0.07 Hz and also between 0.11
and 0.14 Hz. These regions are consistent with
the regions of high coherence.

Most horizontal and some vertical instruments
show a peak in the region below 0.05 Hz. Where
the horizontal instruments show a peak but the
vertical instruments do not, the horizontal com-
ponents contain about 15 db more power than the

vertical components.

e Most horizontal sensors are abcut 3 db noisier
than the vertical sensors in the 0.1- to 0.2-Hz
region.

o

e Power spectra of similar components are generally
space-stationary.

r
J e The average power level of summer noise is about
0 to 3 db lower than the quiet winter noise.
e Noise peaks in the wavenumber spectra some-
- times agree with the low regions in the surface
i wecther map. However, there are cases when
there is no correlation between noise peaks and
’ low-pressure centers.
-
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Figure I-2. Response of Instrument-Amplifier-Filter Combination
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SECTION II
DATA PROCESSING

The data consisted of eight 80-1..1n noise samples recorded
between 29 March and 7 Cctober 1967 (Table II-1). Four of these samples
were recorded consecutively, forming a 320-min long noise sample. Data
were resampled in the ratio of 5:1. Thus, the resulting sample rate was
1. 0sec, which corresponds to the Nyguist folding ‘requency of 0.5 Hz. No
antialiasing was necessary, as the recording system has an effective cutoff

below 0.5 Hz (Figure 1-2).

The processing sequence consisted of despiking; removal of
means; forming wiggly-trace playbacks; and computing power-density spectra,
multiple coherences and wavenumber spectru. Data were despiked by lin-
early interpolating between the points immediately before and after the spike
region. Wiggly-trace playbacks were used for quality control. Dead or wild
traces were not included in the analysis. Overall, about 80 percent of the

data was usable.

Power-density spectra were computed by using the maximum-
entropy spectral-analysis technique. . Power-density spectra of seiumic data
were calibrated to ground motion by using conversion factors of 375 digital

units /u for vertical instruments and 400 digital units /{4 for horizontal instruments.

Spectral matrices used for the multiple coherence and wave-
number spectral estimates were obtained by taking the fast Fourier transforms
of 4096-point segments, setting cpij = Fi*Fj. and smoothing over adjacent
frequencies. The amount of smoothing depended upon the type of analysis to
be done and the number of channels involved. Additional degrees of freedom
were available for the long noise sample (four back-to-back tapes) by averaging

transforms from al. tapes.

-1 sclience services diviuion
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Table II-1
NOISE SAMPLES

Date Time Interval
29 March 1967 5:31:26.6 to 6:49:59.6
11 May 1967 5:39:59.8  to 5:59:59, 2
24 June 1967 2:11:159.9 to 3:31:59.3
24 June 1967 3:31:859.9 to 4:51:59.3
24 June 1967 4:51:59.9 to 6:11:59.3
24 June 1967 6:11:59.9 to 7:31:59.3
10 July 1967 2:26:00.1 to 3:45:59.5
7 October 1967 13:34:59.6 to 14:54:59.0

Prediction error was computed from the multiple coherences
as a function of frequency. (I rediction error is the normalized power in the
reference channel which cannct be predicted by linear least-mean-square-
error filters from the other channels and is equal to 1 - (coherence)l.)3
Wavenumber spectra were computed by the conventional technique, which is
equivalent to beamsteering and integrating the output power in the frequency

domain.

Additional processing was done on the 320-min noise sample
to study the vertical component of the long-period noise. This processing
consisted of forming the residual vertical-component covariance matrix
conditioned on knowing the horizontal sensor outputs. The resulting covar-

iance matrix was analyzed for coherences and spatial organization.

11=2 science services division
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The F-ring was excluded in the long-noise-samp’= processing.
Of the remaining 17 subarrays, only 12 had all three components usable on
the four segments of the long noise sample. These subarrays were B2, B3,
B4, Cl1, C3, C4, DI, D2, D3, D4, El, and E4. Thus, 12 vertical and 24
horizontal channels were used in the analysis. The computational steps are

summarized in the following paragrapns.

A 36x36 covariance matrix, formed by the vertical and hori-
zontal sensors, was obtained. Each element, cpij(f), of this matrix was
] : .t
calculated by averaging the crosspower between the 1th and j sensors over

about 80 adjacent frequencies and over the four consecutive time segments

also.
The 36x36 covariance matrix was partitioned into the following
submatrices - _
QVV l QVH
QHV I QHH
. ~
where

QVV is the 12x12 crosspower matrix due to vertical sensors only

QVH is the 12x24 crosspower matrix due to vertical and horizontal
sensors

= T .
QHV = (QVH) » where T represents conjugate transpose

QHH is the 24x24 crosspower matrix due to horizontal sensors only

A 12x12 conditional covariance matrix QVV H of verticals,

given the horizoutals, was calculated by subtracting from QV that component

\Y
which is predictable from the horizontal sensors. Thus,
-1

Qyvea © v o %u % Oy

Prediction error and wavenumber analysis was done on QVV'

Also, prediction error was obtained in the case of hori-

QHH and CVV-H'

zontal sensors predicting the vertical sensor outputs.

11-3/4 science services division
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SECTION III
RESULTS OF DATA PROCESSING

Results are presented in chronological order except for the
long noise sample (24 June 1967) which is presented first. Playback sections,
power spectra, prediction-error curves, and wavenumber spectra are pre-
sented for each noise sample. Maps of surface weather and waveheight charts
from the nearest available time are also shown. Coherence between micro-

barograph and long-period seismometer data is discussed in Section IV.

It is generally considered that the microseism peaks near
0.13 Hz should not be included in the band of long-period data analysis aimed
at discrimination. Therefore, except for the long noise sample, f-k spectra

were computed and studied for only the 0.05- to 0.08-Hz peak.
A. 24 JUNE 1967 LONG NOISE SAMPLE

Figures III-1 through III-4 show four 20-min sections taken
from the four noise-sample tapes. This is the quietest sample analyzed,
winter or summer. Table III-1 shows the rms levels of the noise samples
presented in this report and, for comparison, the levels of three previously

studied winter samples. !

Table III-1
NOISE-SAMPLE RMS VALUE
Date RMS (Digital Units)
3 Dec 1966 20
13 Dec 1966 10
7 Feb 1967 33
29 Mar 1967 9
11 May 1967 6
24 Jun 1967 5
10 Jul 1967 7
7 Oct 1967 7

III-1 science services division



The power-density spectra (Figures III-5 through III-8) contain
a major broad peak in the vicinity of 0.06 Hz and a very minor broad peak in
the vicinity of 0.13 Hz. Generally, but not at every location, the horizontal

comporents are considerably (5 to 15 db) noisier than the vertical components

below about 0. 06 Hz.

A sampling of prediction-error results (Figure III-9) shows
that most of the noise coherence occurs in the 0.07-Hz peak. Figure III-10
shows the wavenumber spectra at 0.07 Hz for the vertical components, the
north-south components, and the vertical residual components (residual after
linear prediction using all horizontal elements). The spectra of the vertical
and north-south components are generally similar. These spectra show that
at 0.07 Hz (Figure III-10) the energy is widely distributed but arrives from
three main directions (N72°W, N80°E and S20°W) and propagates at
3.5 km/sec.

The wavenumber spectrum of the vertical-component residuals
shows relative peaks in roughly the same areas but is more '"white' in the

region of seismic noise (V > 3 km/sec).

The residual vertical components are generally 3 to 6 db

quieter than the vertical components (Figure II1I-9). This noise reduction is
the result of 'predicting off'' some of the Rayleigh-mode energy common to
both components. The remaining residual noise has significant coherence.
Figure III- 11 shows one example of the prediction error among the residual
components. The low prediction error near 0. 07 Hz indicates a considerable

spatial organization.

Y
From the f-k spectra (Figure III-9) it would appear that the
residual noise field is probably a mixture of fairly isotropic surface-mode

energy and P-wave energy, with the surface-mode energy dominant. Thus,

I11-2 science services division




on the quietest noise sample analyzed, with the surface-mode energy further
reduced 3 to 6 db by horizontal-vertical prediction, it appears that Rayleigh-

mode energy still is dominant in the 16- to 18-sec microseism peak.

Figures III-12 and III-13 show surface atmospheric pressure
and waveheights, respectively. There is no obvious correlation between the

-
f-k spectra at 0.07 Hz and the wave activity or low-pressure areas.

Figure III-14 shows the f-?( spectral estimate of the vertical
and residual vertical components at 0. 13 Hz. The plot for the residual ver-
tical components has a higher edge velocity (5 km/sec vs 2 km/sec). These
two spectra are essentially the same. The vertical components showed
almost no reduction when conditioned on the horizontal components at 0. 13 Hz.
It is recalled from the power spectra (Figures III-5 through III-8) that the
power density is very low in this region and is only a few db above system

(including digitization) noise.

The wavenumber spectra indicate that the noise is dominated
by a peak coming from the north at very high velocity (V > 20 km/sec). It
appears that on this very quiet day the noise near 0.13 Hz is dominated by

mantle P-wave energy. This is the only time P-wave energy was observed

on the LASA long-period data.

B. 29 MARCF 1967 NOISE SAMPLE

Table III-1 indicates that the 29 March 1967 sample is noisy
for a summer sample, although it is considerably quice er than some winter

samples.

The 20-min segments ir Figure III- 15 show a burst of noise
with a dominant 0. 06-Hz frequency. This agrees with the 0. 06-Hz peak in the
power-density spectrum (Figure III- 16). The power-density spectrum also

shows multiple peaks below 0. 05 Hz and a sharp peak at 0. 13 Hz.

II:-3 science ssrvices division
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peaks near 0.06 and 0.13 Hz appear to be most ccherent, and the coherence

Figure IlI-17 shows several prediction-error results. The

falls off below about 0.05 Hz. There is good coherence between the vertical
component and nearby horizontal components in the spectral peaks. This in-

dicates that the peaks are Rayleigh-mode energy.

Figure III-18 shows the wavenumber spectra of the vertical and
north-south components at 0. 06 Hz. The vertical component's spectrum in-
dicates Rayleigh-mode energy from areas with bearings N 80°W and N 70° L.
The north-south component spectrum shows the same peaks but is more com-
plex. There is a good agreement between the azimuths of the peaks at 0.06 Hz
in the wavenumber spectrum and the low regions on the surface weather map

(Figure III-19).

Figures III-20 and III-21 show the wave activity at 00. 00 hr
and 12.00 hr, respectively. Both show intense wave activity along the New-
foundland coast but only the latter shows high wave activily along the British
Columbian coastline. The noise sample was taken around 06. 00 hr. It
seems likely that the high wave activity on the British Columbian and New-

foundland coasts was generating this 0. 06-Hz noise.

C. 11 MAY 1967 NOISE SAMPLE

The 11 May 1967 noise sample (Figure III-22) comes from a
fairly quite period, as can be seen from the low rms level in Table III-1,
This agrees with the lack of wave activity on the continental coastlines
(Figures III-23 and III-24).

Power-density spectra (Figure III-25) only show small high
regions superimposed on a slowly decaying exponential curve. These high
ill-defined regions are located below 0.05 Hz, around ). 07 Hz, and also in

the vicinity of 0. 13 Hz. Prediction-error plots (Figure III-26) show some

III-4 science services division
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coherence between 0. 03 and 0.07 Hz and also around 0.13 Hz; however, these

coherences are not particularly high.

The vertical-component wavenumber spectra at 0. 06 Hz (Figure
III-27 show two peak regions — indicating that the energy is propagating as
fundamental-mode Rayleigh-wave energy. The wavenumber spectrum for the
east-west component indicates that the energy is distributed over a very wide
azimuth. There is no obvious correlation between the azimuths of peaks in

the wavenumber spectium and the low regions in the surface weather map

(Figure III-28).
D. 10JULY 1967 NOISE SAMPLE

The 20-min segments (Figure III-29) show that about 40 percent
of the horizontal channels were unusable. The vertical channels show a burst

of noise with a dominant 0. 06 Hz frequency.

The noise level (Table III-1) is f1irly average for summer. The
power-density spectra (Figure III-30) show three well-defined peaks: a single
peak near 0.06 Hz and a double peak between 0.12 Hz and 0. 16 Hz. There
is also a fairly broad, high region below 0.05 Hz.

Prediction-error analysis (Figure III-31) on vertical sensors
shows high coherence in the 0. 05- to 0. 07-Hz region and also at 0.15 Hz.
Wavenumber spectral analysis (Figure III-32) shows fundamental-mode Rayleigh-
wave energy propagating from the west. There is no obvious correlation
between the cirection of Rayleigh-wave energy as observed from the wave-
number spectrum and the surface weather map (Figure III-33). The waveheight
chart (Figure 1II-34) does not indicate any significant activity near North Amer-

ican coastlines.

I1I1I-5 science services division



E. 7 OCTOBER 1967 NOISE SAMPLE

The 20-min segments (Figure III-35) show that about 35 percent

of data (particularly B and E rings) were unusable.

The noise level (Table III-1) is fairly close to the summerav-
erage. Power-density spectra (Figure III-36) show two broad high regions

around 0. 07 Hz and 0.13 Hz.

Prediction-error analysis (Figure III-37) shows high coherence
between vertical sensors at 0. 07 Hz and 0. 11 Hz, some coherence between
vertical and horizontal sensors at 0.13 Hz, but little coherence between ver-

tical and horizontal sensors at 0. 07 Hz.

Wavenumber spectra at 0. 06 Hz (Figure III-38) show energy
propagating at about 3.5 km/sec and coming from two azimuths, e.g., N60°E

and N6C°W.

The surface weather map (Figure III-39) shows two important
low regions located along the Newfoundland and Alaskan coasts. These loca-
tions correlate very well with the azimuth of the peaks in the wavenumber

spectra.

The waveheight chart (Figure [II1-40) shows activity on the
Newfoundland coast in the northeast, on the coast of Washington state in the
west, and south of the Aleutians in the northwest. There is some correlation

between the regions cof wave activity and the azimuths of wavenumber peaks.

111-6 science services division
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Figure II[-13. Waveheight Chart at 00. 00 Hr, 24 June 1967
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Figure III-34. Waveheight Chart at 00. 00 Hr, 10 July 1967
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SECTION IV

COHERENCE BETWEEN MICROSEISMIC NOISE AND
MICROBAROGRAPHIC DATA

The results presented in this renort and in several published
papers, show that the noise below about 0. 05 Hz is nonscismic.4' 5, % Haubrich
and MacKenzie suggest that wind actioh and changes in the atmospheric pres-
sure may generate microseismic noisc.b To investigate this, coherence

between microseismic noise and microbarographic data was measured.

Five microbarographic instruments were in operation when
the present samples were recorded. Their locations and characteristics are
listed in Table IV-1. Two microbarographic instruments were at si.e A0.
One instrument used different types of wind filters while the other used a sin-
gle type of wind filter. The microbarograph sensor at site E was not used

becauee it had very low sensitivity (Table IV-1),

Data containing microseismic noisc consisted of the four seg-
ments from the 24 June long noise sample and the long noise sample from
10 July. Wiggly-trace monitors showed that only microbarographic data from
the two A0 sensors were usable and both were very similar. All vertical data
from seismic sensors were usable, but only 10 Ju'y horizontal data could be

used.

Coherences and power-density spectra were computed using the
technique described earlier. Auto- and crosspower spectra were smoothed
over a 0.0l Hz (40 Af) interval. Coherences between A0 vertical and micro-
barographic sensors were computed for all five samples, and all gave similar
results. A typical prediction analysis plot is shown in Figure IV-1. Figure

IV-2 shows the power spectra of the microbarographic data. In all cases,

Iv-1 science services division
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a2

the usable data had a power spectrum similar to the one pictured. Figure IV-3

shows the multiple coherence between the microbarograph and the horizontal

traces at A0 for the 10 July noise sample.

Coherence between the air-pressure fluctuations and the long-

period selxmometer outputs is quite low but is statistically significant. Effects

of air pressure upon the long-period instruments. if cause-and-effect-related,

are related in some way more complicated than buoycncy only,

Table IV-1

MICROBAROGRAPH CHARACTERISTICS

Sensitivity
3-db Response (ubar) Type of
Subarray | Location Period (sec) =14 v p-p Instruments
A0 Central 10 to 60 100 Pace-Hudson
Telemetry
Housing
A0 Central 10 to 60 100 Pace-Hudson
Telemetry
Housing
Bl LP Vault 10 to 80 98.3 Geotech
B4 LP Vault 10 to 80 87.3 Geotech
K3 LP Vault 10 to 600 1200 Pace-Hudson

Time-constant of wind filter was 10 sec in each case

[v-2
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SECTION V
CONCLUSIONS

The summer noise samples are very similar to the quiet win-

ter noise samples previously studied. L The following additional conclusions

about long-period noise resulted from this study.

® Nonseismic noise below 0. 05 Hz is not strongly
correlated with a microbarograph at the same
location (for both vertical and horizontal com-
ponents). This lack of coherence appears to
rule out a simple cause-and-effect relationship

due to buoyancy.

® The 0.05- to 0.08-Hz microseism peak is dom-
inated by fundamental Rayleigh-mode energy,
even when this energy is reducec as much as
possible by conditioning the vertical elements
on kriowing the horizontals. There was some
indication of significant power density in the

velocity P-wave

is at a very low level.

region.

The P-wave energy

In absence of strong

storm activity, the 0.05- to 0.08-Hz noise
peak probably tends toward isotropic fundamen-

tal Rayleigh-mode energy.

® On the most quiet data sample there is definite
cvidence of P-wave energy occurring in a very
weak spectral peak near 0. 13 Hz.

- e il Gl i i
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